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Mechanical properties and strength index conversion of

recycled aggregate concrete under direct shear

CHEN Yuliang, LIU Jie, WU Huiqin', YAN Fang
(College of Civil and Architecture Engineering, Guangxi University of Science and Technology, Liuzhou 545006, China)

Abstract: In order to study the effect of replacement rate of recycled aggregate concrete (RAC) on the direct shear
performance of concrete, 75cubic specimens incorporating different replacement rates of RCA were fabricated. The
direct shear test, compressive strength test and splitting tensile strength test were carried out. The failure mechan-
ism of direct shear and the conversion rule between different strength indexes of RAC were revealed. The results
show that RAC is obviously brittle failure under direct shear and both the coarse aggregate and cement matrix are
sheared. With the increase of the replacement rate, the direct shear strength of RAC has little change compared with
the ordinary concrete, and shows a decreasing trend in general. However, the direct shear strength of RAC in-
creases when the replacement rate is 50% (by mass). The peak shear deformation generally increases by 18.85% and
the initial shear deformation modulus decreases by 8.97% on average. Finally, based on experimental data, the con-
version relationship of RAC between the shear and the compressive and split tensile strength was proposed. The cal-
culated results are in good agreement with the experimental values.
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Table1 Physical properties of coarse aggregates

Coarse Water content Water absorption Apparent density/ Stacking density/ Crushing
aggregate (by mass)/wt% (by mass)/wt% (kgm™) (kg:m™) indicators/%
NCA 0.098 0.309 2714 1412 19.89

RCA 0.715 1.680 2579 1274 22.80

Notes: NCA—Natural coarse aggregate; RCA—Regenerate coarse aggregate.
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Table 2 Mix proportions of recycled aggregate concrete (RAC)

Mix proportion/(kg-m™)

Code r(by mass)/wt% m,/my, Sand ratio/%

w W, S NCA RCA
RAC-0 0 0.55 0.36 353.9 195 0 666.4 1184.7 0
RAC-10 10 0.55 0.36 353.9 195 2.0 666.4 1066.2 118.5
RAC-20 20 0.55 0.36 353.9 195 4.0 666.4 947.8 236.9
RAC-30 30 0.55 0.36 353.9 195 6.0 666.4 829.3 355.4
RAC-40 40 0.55 0.36 353.9 195 8.0 666.4 710.8 473.9
RAC-50 50 0.55 0.36 353.9 195 10.0 666.4 592.4 592.4
RAC-60 60 0.55 0.36 353.9 195 11.9 666.4 473.9 710.8
RAC-70 70 0.55 0.36 353.9 195 13.9 666.4 355.4 829.3
RAC-80 80 0.55 0.36 353.9 195 15.9 666.4 236.9 947.8
RAC-90 90 0.55 0.36 353.9 195 17.9 666.4 118.5 1066.2
RAC-100 100 0.55 0.36 353.9 195 19.9 666.4 0 1184.7

Notes: r—Replacement rate; m,,/m,—Water-binder ratio; C—Cement; W—Water; W,—Additional water; S—Sand.

(b) Detail drawing of direct shear cutting device

Small diagonal crack

Y — Shear plane

e B e m T e A B R 2

11 Transverse crack
(c) Detailed drawing of shear box (d) Mechanical model

1—Vertical actuator; 2—Spherical; 3—Platen; 4—Rollers on the plate; 5—Roller transfer plate; 6—Limit plate; 7—Upper shear box; 8—Horizontal
actuator; 9—Specimen; 10—Lower shear box; 11— Lower roller plate; 12—Horizontal rod; 13—Self-adjusting rod
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Fig.1 Direct shear loading device force model
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Fig.2 Damage patterns of direct shear of RAC

(a) Compressive damage

(b) Splitting tensile failure

€3 RAC HIHLIERIBFAIRIL A

Fig.3 Damage patterns of resist compression and tensile strength of RAC
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Fig.4 Shearload-displacement curves of RAC

P e, JEANJE L ST S i, R
38 YR T R EE s TREE 1 IR B E £ B, R
R, BRRE R BRERME, XDHBFEERE
HRS T B (2) TREBL, EEEMhE
RS HIMBLHF VI, FHRORZ, DR
AW R, (RS S REEAC, VI T Rb A
BHIER R, 22U RLEE AT 58 S8 A B W8 L — 5%
PR HAESE, RACIRILG BT VI 45 (3)
WS, BTUIfT BT BEE T 2218, HARXTARRE o
ZIBOA O e 2N, B R =z a] R X
W, B EE ey A EE R R

K 5. & 6435 RAC I R 1Y B 240 Br K %
JEmm g - M4 . AT, BF AHTHL 400 % il
LAFAE BB, TREB, MABrB, WEE RS A7
TE W0 e 4T i, AT BRI T B, DR BE R IR
4 1 e PR R A B DT R B ] e, iR AR
WK, AL 52 R fr k-0 # 2k b 7Bt
PR, RIRIREE +BIBAR mE K, TR
) D 8 P 0 32 5 P P R A 3 ) i 28k -6 % 4 ot ot
/Ao
2.3 RACIKHF4FESH#

MRG0 2 - R i 2, T 15 RAC & RF 1k
RS BAHBIEIC3 MR ME, L 3,
ATUL L BT o B BE O S 0 3 B AR SR R
BEICAR ARG I, WeE AL s, SEmU/NR TR, AP
Bl G Set R0/,

2.4 RACEEIEHR

B T 53 BT A 5 R A s E B R 1 AR AL AR
P om BEFR AR AT o WAL B, AR B —fkdi Ik
SR a=fo /fowor PUBTSRIEZ B=1,"/100, Tp" fou" 7051

120

—TRAC-0 1
100 ' —  _TRAC-50 %
g - TRAC-100 % '
< 80 4 |
E .
© |
7 60 | g
§ /
an 7
£ 40| P
= P
2 | .
/‘ -
0 01 02 03 04 05 06 07

Deformation d/mm
&5 RAC BFRLfif#- 20 ihk

Fig.5 Split tensile load-deformation curves of RAC
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Table 3 Feature parameters of RAC specimens
Code /% Jfeu/MPa fi/MPa 7,/MPa s,/mm G,/(10°kN-mm™)
RAC-0 0 30.93 2.71 3.33 0.704 1.155
RAC-10 10 28.01 — 3.15 0.657 1.286
RAC-20 20 27.46 — 3.35 0.693 1.202
RAC-30 30 30.63 — 3.25 0.762 1.211
RAC-40 40 28.85 — 3.29 0.849 1.033
RAC-50 50 27.45 3.21 3.49 0.777 1.086
RAC-60 60 26.04 — 3.12 0.794 1.057
RAC-70 70 25.74 — 3.33 0.893 0.836
RAC-80 80 27.96 — 3.25 0.981 0.946
RAC-90 90 27.52 — 3.20 0.957 0.835
RAC-100 100 26.67 1.61 3.19 1.004 1.022

Notes: f,,—Compressive strength; f—Splitting tensile strength; 7, = Vp/A,, 7,—Shear strength, Vp,—Direct shear peak load; A,—Shear area

(150 mmx150 mm); s,—Specimen reaching the peak deformation corresponding to the peak shear load; G,—Secant modulus

corresponding to 0.4Vp.
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Fig.7 Comparison of direct shear and compressive strength of RAC
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Table 4 Comparison of calculated and measured direct shear strength of RAC
r(by mass)/ Measured value/  Calculated Calculated value/ r(bymass)/ Measuredvalue/  Calculated Calculated value/
wt% MPa value/MPa Measured value wt% MPa value/MPa Measured value
0 3.33 3.43 1.03 60 3.12 3.10 0.99
10 3.15 3.16 1.00 70 3.33 3.08 0.92
20 3.35 3.15 0.94 80 3.25 3.35 1.03
30 3.25 3.56 1.09 90 3.20 3.30 1.03
40 3.29 3.39 1.03 100 3.19 3.19 1.00
50 3.49 3.25 0.93 - - - -
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Fig. 11 Fitting curves of splitting strength-shear strength of RAC
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